Abstract. Powder-coated tape electrodes (powder-coated tapes) are used for doped and composite alloys welding. Using powder-coated tape for welding of wear-resistant alloys is stipulated by a number of factors in comparison with using electrodes for manual arc welding, flux cored wires, sintered tapes etc. The main task of mechanized arc welding of composite materials is to keep the wear-resistant particles in their initial condition and to ensure the weld metal receives them in the quantity demanded.
Introduction
The cover of powder-coated tape is square. The cover can consist of one metal tape or two metal tapes of the same or different chemical composition, while the cover metal tapes parts may be of different thickness. Powder-coated tape is produced by a rolling method that allows introducing to the core powder components of the size of a particle close to the depth of a shaped metal covering tape [1] [2] [3] . An important processing characteristic feature of powdered electrodes is a space factor (K s ) which is determined as a core mass (M c ) -to -powdered electrode mass (M el ) ratio [4] . Where M c is powdered electrode cover mass. In powder-coated tapes the space factor value is higher than in other powder-coated electrode materials and it can be controlled with different processing methods, that gives the possibility to receive high values [5] .
The powder-coated tapes with higher space factor values make it possible to introduce more alloying components to the core composition and to get a required chemical composition in the build-up layer. This is highly important while designing and producing powder-coated tape for mechanized arc welding of composite materials. A distinctive feature of structurally inhomogeneous alloying or composite materials is that a strengthening phase in the form of wear-resistant high-melting particles is introduced into the melt in its initial state. During mechanized arc welding the wear-resistant particles do not lose their properties, form and dimensions and during the weld pool melt crystallization we get a build-up layer with wear-resistant particles sintered with a binder metal. Thereby we get a build-up layer which has specified service properties. The composite material structure is shown at fig. 1 .
Fig. 1. Composite material structure
While doped alloy welding, the strengthening phase: carbides, borides, silicides and other wear-resistant particles is produced from the weld pool melt due to alloying elements interaction. The microstructure of wear-resistant doped alloy can be seen at figure 2. The main task of mechanized arc welding of composite materials is to keep the wearresistant particles in their initial condition and to ensure the weld metal receives them in the quantity demanded. It is possible to determine the volume content of wear-resistant particles of any kind using the bulk weight -to -density of wear-resistant particles material ratio.
where W is volume concentration of wear-resistant particles in the build-up metal, %; а is bulk weight of wear-resistant particles, g/sm3; j is density of wear-resistant particles material, g/sm3.
The amount of binder metal, under the condition that the obtained quantity of wear-resistant particles is fully bound (sintered) with this binder metal, can be determined in the following way: 
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Where Мс is the amount of binder metal in the composite material. Having these design values it is possible to determine the powder-coated tape composition and its space factor, the binder metal composition for composite material welding. To choose a binder metal for composite material it is necessary to meet the following requirements: the binder metal should not interact with wear-resistant particles; the binder metal should have good wettability and keep wear-resistant particles in the buildup layer; the binder metal should have a good strength the binder metal should correspond the sanitary standards with its harmful emissions to the environment.
Peculiarities of composite materials forming
The composition of tungsten carbides (relit -mechanical mixture of carbides WC+W2C) and binder metal of cupronickel, chromium carbides and nickel-base binder metal meet these requirements to a high degree [6] [7] [8] . The microstructure of these composites is shown at figures 3 and 4. 
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3001 strength properties of the wear-resistant particles. As a rule, at the beginning of abrasion and gasoabrasive wear we can observe a heavy wear of binder metal until the abrasive particle contacts wear-resistant particles. Then the binder metal seems to be in a sort of a shade of the wear-resistant particles that leads to the so-called "shaded effect". In this case the wear-resistant particles are not destroyed and firmly adhered due to the binder metal [9] .
Experimental program

Materials and Sample Preparation
While producing the powdered-coated tape crushed particles of a splinter and spherical form are used as wear-resistant particles. The crushed particles have different form; they are the result of the tungsten carbide bar mechanical fragmentation due to which the tungsten carbide particles have different size, form and even may have fractures, cracks that reduce their strength properties. In the industry one produces grain cast tungsten carbide "З" of different fractions which size varies from 0.18 till 2.5 mm and with the grain equiaxed quality degree equal to 1.45. The cast tungsten carbide fractures are shown at figure 5.
Fig. 5. Cast tungsten carbide fractures
The cast tungsten carbides in the form of spherical grains with the high degree of solidity and strength, and such qualities as flowability, uniformity, and without such defects as tears and cracks are also applied [10] . The cast tungsten carbide spherical (globular) particles of a different size are obtained by thermal centrifugal sputtering cast cylindrical bars with its diameter of 29-30 mm and its length of 240-250 mm. The sputtering is realized at a high rate of blank parts rotation, 4000 -10000 revolutions per minute, due to which spherical particles of a different size can be obtained. A special plant was designed for this process [11] . The cast tungsten carbides of a spherical and splinter form are shown at figure 6. 
SPbWOSCE-2016
3001
In accordance with the analysis of strength properties of cast tungsten carbide particles of a spherical (globular) and splinter form, the spherical form has the advantage. The crushing load for spherical particles of tungsten carbides will be 20,2 kg, while for splinter particles it is 8,2 kg. With the multiple crushing load the cast tungsten carbide particles of a spherical form got crushed after 200-400 cycles while the splinter particles got crushed after 20-60 cycles. The analysis results are shown at figure 7 [10] . Such kind of strength nature is confirmed by cast tungsten carbide particles microstructure formation. By centrifugal sputtering cast tungsten carbides have a compact fine-grained structure [12] .
Results and discussion
By mechanized composite arc welding with cast tungsten carbides in a strengthening phase the built-up layer gets formed with uneven particles distribution. The cast tungsten carbides, possessing high density characteristics, get located near the weld line with the binder metal above them, picture 4. Therefore it is necessary to take this moment into consideration while electrode material designing to have enough quantity of the binder metal to sinter wear-resistant particles (carbides) without excess. The build-up samples can be seen at figure 8. With furnace composite welding method, when the strengthening phase (carbides) is formed in a certain volume, in the space between the well-fixed fixture and the surface of the element that requires strengthening, and the binder metal is spread through the formed channels between the particles, the composite structure forming goes evenly. The composite formation by the furnace welding method is shown at figure 9. 
Conclusions
According to the examined microstructures, the furnace welding method makes the carbides be distributed in an even way, the binder metal only sinters these particles along the full surface and volume. The way of choosing the welding method, the form of wear-resistant particles and their quantity depends on the service conditions of the item and the wear mode.
